Breeding bird abundance, species richness, evenness, diversity, composition, productivity, and survivorship were determined near a high-explosive detonation site at Los Alamos National Laboratory, New Mexico, USA, during pre-operation (1997)(1998)(1999) Analysis of aerial photos determined that the average percent canopy cover of mature ponderosa pines (Pinus ponderosa) within 100 feet of mist net sites declined from 12% to 3% between 1991 and 2014 and the percent cover of shrubs slightly increased. The percent similarity in presence/abundance between the pre-operation avian community and avian community during the open air, foam containment, and vessel containment periods were 59%, 63% and 68% respectively. Two bird species associated with large trees became less common over the study period (capture rate dropped below 2.0 adults per 600 net-hours relative to the pre-operations period), and four bird species associated D. C. Keller et al. 1443 with edge and scrub habitats became more common over the study period (capture rate increased to more than 2.0 adults per 600 net-hours relative to the pre-operations period). Bird demographics (productivity and survival) were not negatively affected by the initiation of firing site operations. The increase in diversity and the change in bird species composition over time were probably related to the change in vegetation from a woodland to a more open woodland/shrub environment.
Introduction
Birds are useful as indicators of environmental change because of their abundance and diversity in virtually all terrestrial habitats, diurnal nature, discrete reproductive seasonality, intermediate longevity, and high ecological position on most food webs [1] - [3] . Declines in bird abundance, acoustic interference, and changes in community structure have been shown to occur with disturbances from noise and vehicular traffic [4] - [8] and disturbance of habitat [9] - [11] . McClure et al. [7] measured a 25% decrease in bird abundance and almost complete avoidance by some species in noise-affected areas relative to noise-free areas. Proppe et al. [8] showed that anthropogenic noise affected some bird species independently of vegetative conditions, exacerbating the exclusion of some songbird species in otherwise suitable habitat.
Using standardized and widely-applied census methods to monitor wild bird populations provides information on population trends and demographic rates at a variety of spatial and temporal scales [12] - [14] . In North America, constant-effort mist-netting stations operated during the breeding season often follow protocols established by the Monitoring Avian Productivity and Survivorship (MAPS) program [15] . Through a cooperative network of bird-banding stations operated throughout the United States, Canada, and Mexico (>1200 stations), MAPS applies standardized procedures and analysis methodologies to estimate long-term trends in avian abundance, productivity, and survivorship. Data from all the stations are compared to one another and long-term trends for many bird species are monitored on a continent-wide basis.
Los Alamos National Laboratory (LANL) is situated within a 103 km 2 (40 mi 2 ) area ranging in elevation from 1890 to 2377 m (6200 to 7800 ft) in north central New Mexico, approximately 100 km (62 mi) north-northeast of Albuquerque (Figure 1) . It is within a semiarid zone comprised of four major vegetative types-one-seeded juniper (Juniperus monosperma) savannah/woodlands, piñon (Pinus edulis)-juniper woodlands, ponderosa pine (Pinus ponderosa) woodlands/forests, and mixed-conifer woodlands/forests (Figure 1 ). Grasslands and shrub lands occur in areas previously cleared for agricultural fields and areas impacted by stand-replacing wildfires. On average, summer temperatures range from 21˚C (70˚F) to 31˚C (88˚F) during the daytime and from 10˚C (50˚F) to 15˚C (59˚F) during the nighttime. The average annual precipitation (which includes both rain and the water equivalent of frozen precipitation) is 48 cm (19 in) . The months of July and August account for 34% of the annual precipitation and encompass the bulk of the rainy season, which typically begins in early July and ends in early September.
The main mission at LANL is nuclear science and weapons research. Some projects involve the testing of nonnuclear firing mechanisms using high explosives at LANL firing sites. The Dual-Axis Radiographic Hydrodynamic Test (DARHT) facility was constructed between 1994 and 1999, with the first high-explosive test shots being conducted in open air from 2000 to 2002. Subsequent test shots involved high-explosive detonations within an aqueous foam blanket configuration (2003) (2004) (2005) (2006) and within a closed steel containment vessel system (2007-2014) to mitigate dispersal of blast residues/fragments and reduce noise levels. In general, detonations are small in yield (<23 kg [<50 lbs]), occur at a rate of 2 to 6 per year (<3 during the breeding season), and emit a high-level short duration noise [16] . Although the noise levels were not measured at the test site directly, measurements of a 23-kg high-explosive detonation approximately 2 km (1.3 mi) away averaged 118 dB and 6.8 Hz [16] . It was estimated that the use of foam and vessel containment would reduce the levels of blast residues and noise by 5% to 40% and 40% to 75%, respectively [16] . Actual measurements of the reduction in the dispersal of blast residues from the firing site as a result of foam and vessel containment relative to open air detonations averaged 80% and 99.9%, respectively [17] .
As part of the environmental surveillance program at LANL, the perimeter of the DARHT firing site was monitored for a series of ecosystem aspects prior to and during operations [18] . All chemical concentrations measured in soil, sediment, vegetation, bees, and small mammals throughout all operation periods were below ecological screening levels protective of biota [19] . The present study reports on the abundance, diversity, and composition of breeding bird populations using the MAPS protocol along a 0.70-km (0.40-mi) transect on the northwest side of the DARHT facility prior to (1997) (1998) (1999) and during high-explosive detonation operations employing various non-containment and containment systems (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . Sixteen years of data from this site (1997-2012) were used to calculate trends in abundance, productivity, and survivorship of breeding birds.
Methods and Materials
The DARHT firing site is located in the central part of the LANL complex (Figure 1) . In 1997, 12 mist net lanes were established on the northwest side of the firing site. The net lanes were located approximately 343 m (1125 ft) to 953 m (3127 ft) away from the firing point in an east to west direction near the edge of a canyon, and were spaced approximately 46 m (150 ft) from one another to maximize the number of birds captured [20] .
The site was classified at the start of the study as a ponderosa pine woodland [18] . We examined quantitative changes in the vegetative community surrounding the mist net locations between pre-operation and operation periods using ortho-rectified aerial photography from 1991 and 2014. Circles of 31 m (100 ft) radius centered on six of the 12 mist net locations, picked in an alternate manner, were created in a Geographic Information System (ArcMap 10.1). Because the mist nets were approximately 46 m (150 ft) apart, using more of the mist net sites would have resulted in overlapping circles. The circles contained a point grid that represented a point approximately every 4.6 m (15 ft) at a 1:521 scale (152 -155 points per circle). We identified one of four types of vegetation as the overstory cover type at each point: mature ponderosa pine; young trees (ponderosa pine) or woodland tree species (one-seeded juniper or piñon pine); shrubs [primarily oak shrub species (Quercus gambelii or undulata), but also including mountain mahogany (Cercocarpus montanus) and other shrubs]; and no woody vegetation (grasses, other herbaceous vegetation, or bare soil/rock). We calculated percent overstory canopy cover of each vegetation type on each plot in 1991 and 2014 using the point-intercept method [21] .
During one day in each of 10 consecutive 10-day periods between 1 May and 8 August, mist nets (30 mm mesh size), measuring 12 m (39 ft) long by 3 m (10 ft) high, were erected at sunrise. Birds were collected for a period of 5.5 hours per netting session (5.5 sessions × 12 nets × 10 periods = 660 net-hours per year). All birds were identified to species, banded, aged, sexed, weighed, measured, fat scored, and checked for signs of molt. The identification of species and aging and sexing criteria were based on Pyle [22] . The breeding status (confirmed breeder, likely breeder, or non-breeder) of each species captured was determined.
Metrics reported in this paper included abundance (numbers of birds per 600 net-hours per year), species richness (number of species), species diversity and evenness. Shannon's Index of species diversity [23] was used to estimate community richness as:
where P i = proportion of species i in sample, and S = number of species. The corresponding test for evenness is:
where H max = maximum possible diversity (i.e., logS). Also, the similarity in the relative abundance of bird species common between two samples (presence/abundance) of birds between the pre-operational and operational periods were assessed using Sørensen's Quantitative Community Coefficient. The SQCC is described by Mueller-Dombois and Ellenber [24] as:
where M w refers to the total of the smaller quantitative values of the species common to two samples, M A is the total number of individual counts in Sample A, and M B is the total number of individual counts in Sample B.
The levels of overall abundance, species richness, evenness, and diversity between pre-operational and operational periods were analyzed using a Mann-Whitney nonparametric (U) test at the 0.05 probability level.
Other metrics that use the long-term data set at this study site to determine the trends in abundance, productivity, and survivorship of breeding birds were analyzed for the years 1997-2012 and included the following:
Trends in Adult Population Size and Post-Fledging Productivity (Reproductive Index)-The number of first captures in a given year of adult and young birds per 600 net-hours of effort was calculated for each species. Following the procedures of Peach et al. [25] , the number of adult birds of a given species captured was estimated as an index of adult population size. Also, a yearly reproductive index (RI) was calculated as the number of young for that species captured per 600 net-hours divided by the number of adults captures per 600 net-hours. Years for which the reproductive index was undefined for a species (i.e., no adults of that species were captured in that year) were not included in the trend analyses.
Trends in adult capture rates and RI of 10 target species were estimated with linear regression. A target species was defined as a bird species for which an average of at least 2.0 adult birds per year were captured over the 16 years of sampling (1997-2012 = 32 year-unique captures) and for which we recorded at least two betweenyear recaptures. The 10 target bird species were Western Wood-Pewee (Contopus sordidulus), Ash-throated Flycatcher (Myiarchus cinerascens), White-breasted Nuthatch (Sitta carolinensis), Rock Wren (Salpinctes obsoletus), Western Bluebird (Sialia mexicana), Virginia's Warbler (Oreothlypis virginiae), Western Tanager (Piranga ludoviciana), Spotted Towhee (Pipilo maculatus), Chipping Sparrow (Spizella passerine), and House Finch (Haemorhous mexicanus). The significance of the correlation (P-value) for each species was calculated. Because of the consistency of sampling effort in all other years, it was reasonable to use the change in annual numbers of birds per 600 net-hours to determine trends in adult population size.
Apparent Survival Rates-Using the program TMSURVIV [26] [27], the calculated maximum-likelihood estimates and SEs for adult apparent survival rates, adult recapture probability, and the proportion of residents among newly-captured adults using a time-constant, between-and within-year transient model was estimated [27] - [29] for six species with sufficient data (Ash-throated Flycatcher, White-breasted Nuthatch, Virginia's Warbler, Western Tanager, Spotted Towhee, and Chipping Sparrow). The apparent survival rate is the probability of a bird banded at a given station in a given year surviving to the next year and remaining at the same station. The use of the transient model accounts for the existence of transient adults (dispersing and floater individuals only captured once) in the sample of newly-captured birds, and provides survival estimates that are unbiased with respect to these transient individuals [28] .
Results and Discussion
The study site was initially categorized in 1997 as a ponderosa pine woodland [18] . However, during the course of this study, the area was subjected to a major wildfire (the Cerro Grande Fire) in early 2000 [30] , a severe bark beetle infestation in 2002 that attacked mature pine trees [31] , and two periods of drought (November 1999-March 2004 and December 2005-December 2014) [32] [33] . As a result of these factors, the amount of ponderosa pine tree canopy cover on the study site decreased and shrubs increased. Specifically, the average overstory canopy cover of mature ponderosa pines within 31 m of the mist nets decreased from 12% to 3% (a 75% reduction), with two plots containing no mature ponderosa pine canopy cover by 2014. The average area without any woody vegetation increased from 66% to 75%. There was also a slight decrease in the average cover of young/ woodland trees (from 7% to 4%), and a slight increase in the average cover of shrub species such as Gambel's oak and mountain mahogany (from 15% to 18%). These changes are consistent with regionally observed pine tree mortality related to drought stress and bark beetle outbreaks [34] - [36] .
A total of 2952 bird captures representing 80 species were recorded at LANL between 1997 and 2014 ( Table  1) . The 10 most frequently captured bird species regardless of time period were, in descending order: Virginia's Warbler, Chipping Sparrow, Western Bluebird, Western Tanager, Broad-tailed Hummingbird (Selasphorus platycercus), Rock Wren, Spotted Towhee, Bushtit (Psaltriparus minimus), Blue-gray Gnatcatcher (Polioptila caerulea), and Mountain Chickadee (Poecile gambeli). Several species collected over the years, including the Brewer's Sparrow (Spizella breweri), Grace's Warbler (Setophaga graciae), and Juniper Titmouse (Baeolophus ridgwayi) are listed as birds of concern for the Southwestern United States [37] and the Brewer's Sparrow, Grace's Warbler, Olive-sided Flycatcher (Contopus cooperi), Rufous Hummingbird (Selasphorus rufus), and Virginia's Warbler are listed as birds most at risk in North America [38] . No avian community metric (abundance, species richness, diversity, or evenness) was significantly different (p > 0.05) in the open air or foam containment detonation periods as compared with the pre-operation period ( Table 2) . Species richness and diversity increased significantly (p < 0.05) in the vessel containment period of operations relative to the pre-operation period.
Although the community metrics were not significantly affected by firing site operations, the species composition of birds did change over time. Using Sørensen's Quantitative Community Coefficient, the percent similarity between the pre-operation avian community and the open air, foam containment, and vessel containment periods were 59%, 63% and 68% respectively. Of the species that were common only in the pre-operations period, two of the three (Pygmy Nuthatch [Sitta pygmaea] and Black-headed Grosbeak [Pheucticus melanocephalus]) are highly associated with large trees such as mature ponderosa pine [39] (Table 3) . Of the bird species common only in the vessel containment period, four of the five (Blue-gray Gnatcatcher [Polioptila caerulea], Blackchinned Hummingbird [Archilochus alexandri], MacGillivray's Warbler [Geothlypis tolmiei], and Whitebreasted Nuthatch) are associated with habitat edges and scrublands [39] . Studies have shown that a change in the vegetative physiognomy following a forest stand-replacement event in the Rocky Mountain region may change the composition of bird species considerably [40] - [42] .
An analysis of long-term data from the years 1997 through 2012 (16 years) showed that, overall, bird demographics were not negatively affected by the initiation of firing site operations and were not in decline compared to populations elsewhere in North America [15] [43] . The mean number of adults and young captured was 84 and 23 per 600 net-hours per year, respectively, for a mean reproduction index of 0.28.
None of the 10 target bird species exhibited significant (p > 0.05) decreasing trends in abundance or productivity over the 16-year time period. In contrast, Spotted Towhee and Rock Wren showed significantly (p < 0.05) increasing abundance over time (Figure 2 ) and the Chipping Sparrow showed significantly (p < 0.05) increasing productivity over time (Figure 3) . The long-term trend for all species pooled for abundance and productivity were increasing (slope = 2.9 and 0.015, respectively) but not statistically significant (p = 0.30 and p = 0.15, respectively). The maximum-likelihood estimates of apparent annual adult survival probability, recapture probability, and proportion of residents among newly-captured adults of six target bird species breeding near the DARHT facility at LANL from the time-constant transient model are presented in Table 4 . Annual adult survival-rate estimates ranged from a low of 0.27 for the Western Tanager to a high of 0.71 for the White-breasted Nuthatch, with a mean of 0.50 for the six species. The coefficient of variation for four of the six species at the LANL study site were low (four of the six species <30% of which two species <20%) indicating quite precise estimates. Furthermore, survival of adult birds at the study site appears to be slightly higher for the four well estimated species than that at other MAPS stations in the Southwest MAPS Region [15] [43].
Conclusion
Bird populations living near an active firing site at LANL were not significantly impacted by either open air or contained detonation activities at the current yield(s), frequency, distance from the firing site, and/or apparent noise level(s). Diversity increased and the composition of birds changed with the efficiency of the containment system(s) over time; however, these changes were probably more related to the conversion in vegetation from a ponderosa pine woodland environment to a more open woodland/shrub environment than to nearby firing site operations. The increase in bird diversity may have been caused by the addition of bird species that are well adapted to edge and shrub habitats after the loss of many mature ponderosa pines in the study area. 97  98  99  00  01  02  03  04  05  06  07  08  09  10  11  12 Reproductive Index Year Total number of captures of adult birds of the species at stations where the species was a regular or usual breeder; c Total number of returns. A return is the first recapture in a given year of a bird originally banded at the same station in a previous year; The estimate for recapture probability (and possibly survival probability as well) may be biased low because the estimate for τ was 1.0; i
The estimate for survival probability should be viewed with caution because it is based on fewer than five between-year recaptures or the estimate is very imprecise (SE(φ) ≥ 0.200 or CV(φ) ≥ 50.0%)
